program with cellular responses to outside events is led to profound insights into the machinery for DNA, also a critical factor in prokaryotic cell fate determina-RNA, and protein synthesis, complex metabolic pathtion. Thus, in some bacteria, starvation signals entry ways, regulatory dynamics, and the interactions beinto a developmental pathway, but this is an adaptation tween free-living cells and their environment. Yet a furof the cell cycle genetic network. Added complexity ther leap in our understanding of the prokaryotic cell during development is provided by the recent discoveroccurred in the final decade of the 20th century due in ies that dynamic changes in protein location influence large measure to the availability of full bacterial genome gene expression and thus the induction and spatial orisequences and the advent of prokaryotic cell biology. entation of morphogenetic events. Within the limited venue of this review and given our
One model for this silencing phenomenon holds that the machinery is a factory through which the DNA is centromere is a nucleation site for the polymerization threaded and duplicated (as opposed to a locomotive of the partition protein, which extends into flanking DNA that chugs down the DNA) (Lemon and Grossman, 1998).
(Rodionov et al., 1999). However, the discovery that If so, then perhaps the cell harnesses the force of repliSopB localizes to a particular place in the cell has given cation itself in driving replication origins apart. This leads rise to an alternative model (Kim and Wang, 1999). This to two questions: how are newly duplicated origins dialternative model posits that the plasmid is tethered via rected away from each other, and is there a tether that its centromere to a velcro-like patch of SopB molecules on anchors them at or near the cell poles? the cell membrane. DNA flanking the centromere would Once origins are separated, the remainder of the chrothen bind to the velcro-like patch in a non-sequencemosomes must be pushed or pulled apart to achieve specific manner. Rather than polymerization from a nucomplete segregation. An attractive possibility is that cleation site, a high localized concentration of SopB this is accomplished by compaction of the chromocauses interaction with DNA flanking the centromere. somes. Bacterial chromosomes must indeed be highly Thus, the concept of the bacterial cell as a spatial grid compacted because their contour length is 1000 times offers a new way to think about an old problem. longer than the nucleoid into which they are folded. At the same time, the order of genes across the nucleoid Asymmetric Division and Cell Fate seems, at first approximation, to preserve the order of
The generation of diverse cell types is a fundamental genes in the chromosome: that is, the replication origin task for all organisms that carry out developmental proand the terminus are located at opposite ends of the grams or produce cells with unique functions. In both nucleoid with other sites on the chromosome located prokaryotes and eukaryotes, a cell division that yields in between ( The capacity of Spo0A to switch on the transcription of sporulation genes is subject to an additional regulatory mechanism that once again highlights the importance of understanding regulatory circuits in the context of protein localization. Several Spo0A‫ف‬P-controlled genes are subject to repression by a DNA-binding pro- Unexpected recent results indicate that SpoIIE contributes to the activation of F in two steps. First, of course, it is a phosphatase that is responsible for dephosphorylating SpoIIAA-P. In addition, however, evidence indicates that SpoIIE links F activation to septum formation at a step subsequent to the dephosphorylation of SpoIIAA-P (Feucht et al., 1999; King et al., 1999) . Evidently, the generation of dephosphorylated SpoIIAA is not sufficient to activate F until a late stage of septum formation. An attractive conjecture is that SpoIIE monitors asymmetric division, perhaps sequestering dephosphorylated SpoIIAA or otherwise preventing SpoIIAA from triggering the activation of F until the formation of the septum is complete. The lesson here is that by F and E factors are synthesized in the prediemerges from cytological studies on the location of pro-E in the sporangium and how its location changes durvisional sporangium under the control of Spo0A‫ف‬P but do not become active until after the polar septum is ing development (Figure 6 ). Pro-E is a membrane-associated protein, and in the predivisional sporangium it formed, when F -directed gene transcription is confined to the forespore and that of E to the mother cell. As in is located at the cytoplasmic membrane (Hofmeister, 1998). Thus, part of the reason that pro-E is inert may Caulobacter, differential transcription in B. subtilis is dictated by control circuits in which key regulatory probe that it is sequestered from RNA polymerase at the cytoplasmic membrane. Strikingly, during asymmetric teins undergo dynamic changes in their subcellular distribution. division, pro-E becomes concentrated at the polar septum (Ju et al., 1997; Hofmeister, 1998). Finally, after The F factor is indirectly activated by a membranebound phosphatase called SpoIIE that dephosphoryprocessing, it is released into the cytoplasm where it associates with RNA polymerase. Importantly, after lates a protein (SpoIIAA-P) in the control circuit that regulates the activity of the transcription factor (Duncan asymmetric division, E is only found in the mother cell, and this is the apparent basis for the compartmentaliza- 
